Objective: To investigate patients' adherence to statin treatment prescribed following their first myocardial infarction (MI) and to estimate the effect of adherence to statins on recurrence of MI and all cause mortality. Design: Cohort study using a record linkage database. Setting: Tayside, Scotland, UK. Patients: Patients who experienced their first MI between January 1990 and November 1995. Main outcome measures: Percentage of statin use and adherence to statins by patients after an MI and the relative risk of hospitalisation for recurrent MI. The effect of adherence on all cause mortality was also examined. The covariates used were age, sex, socioeconomic deprivation, serum cholesterol concentration, diabetes mellitus, cardiovascular drug use, and other hospitalisations. Results: Of 5590 patients who experienced an incident MI, 717 (12.8%) experienced at least one further MI. Only 7.7% of patients used statins after an MI during the study period. Compared with those not taking statins, those who had 80% or better adherence to statin treatment had an adjusted relative risk of recurrent MI of 0.19 (95% confidence interval (CI) 0.08 to 0.47) and all cause mortality of 0.47 (95% CI 0.22 to 0.99). There was no significant reduction in either end point for those who were less than 80% adherent to statins. Conclusions: Despite the infrequent use of statin during the study period, good adherence to statin treatment was associated with lower risk of recurrent MI.
C oronary heart disease (CHD) is a leading cause of morbidity and mortality worldwide. Serum total cholesterol and low density lipoprotein cholesterol are major risk factors for recurrent cardiac events in patients following a myocardial infarction (MI). Statins (HMG CoA reductase inhibitors) are effective cholesterol lowering agents and are the drugs of choice for patients with increased cholesterol who have suffered an MI. Several large clinical trials (4S (Scandinavian simvastatin survival study), CARE (cholesterol and recurrent events), WOSCOPS (West of Scotland coronary prevention study), LIPID (long term intervention with pravastatin in ischaemic disease), and AFCAPS (Air Force coronary atherosclerosis prevention study)) [1] [2] [3] [4] [5] on primary or secondary prevention of CHD have shown that these drugs reduce the risk of major coronary events by about 30% 6 and improve survival in patients following MI. Current guidelines recommend statin treatment when total cholesterol is > 5 mmol/l in patients after an MI.
However, the therapeutic effect of a drug depends not only on patients having the treatment prescribed but also on their adherence or compliance with the treatment. Previous studies have shown that there is a low rate of statin prescribing and a lack of adherence to treatment by patients with CHD. [7] [8] [9] [10] [11] [12] The present study aimed at investigating the adherence to statin treatment by patients after an MI in Tayside, Scotland, and to estimate the effect of adherence on recurrence of MI and, as a secondary end point, all cause mortality.
METHODS
The study was carried out in the population of Tayside in Scotland, using the Medicine Monitoring Unit's record linkage database. This database contains several data sets including all dispensed community prescriptions, hospital discharge data, biochemistry results, and other data that are linked by a unique patient identifier, the community health number. The data collection methods for this database have previously been described. 13 These data are made anonymous for the proposes of research and the methods used are approved by the Tayside Caldicott Guardians. The project was also approved by the Tayside committee on research medical ethics.
Study population
The study population was the population of Tayside who were resident and registered with a general practitioner between January 1985 and December 1995.
Study subjects
Patients who experienced their first MI between January 1990 and November 1995 were identified from the Tayside hospital discharge data.
Study period
The study period was from January 1985 until December 1995. The first five years were used as a screening period. Subjects who had a hospitalisation for MI before 1 January 1990 were thus excluded from the study. Data were collected on each subject until 31 December 1995. The maximum follow up was thus six years. Abbreviations: 4S, Scandinavian simvastatin survival study; AFCAPS, Air Force coronary atherosclerosis prevention study; CARE, cholesterol and recurrent events; CHD, coronary heart disease; LIPID, long-term intervention with pravastatin in ischaemic disease; MI, myocardial infarction; WOSCOPS, West of Scotland coronary prevention study
Study outcome
The primary outcome was hospitalisation for recurrent MI and the secondary outcome was death from any cause during the follow up period.
For each prescription for a statin (mainly pravastatin and simvastatin) we knew the strength of the tablet, the number of tablets dispensed, and the instructions on how these should be taken. Thus, the daily dose and the number of days treatment could be calculated. Adherence to statin treatment was calculated as the number of days with statin supply divided by the total number of days from the first prescription for a statin to the end of study. Patients with no dispensed prescribing for statins were considered to have zero adherence. If a patient collected more drug than they had been directed to use, the percentage of adherence was over 100% but we classified these subjects as having maximum adherence.
Biochemistry data
Serum cholesterol data were available for the Dundee catchment area from 1989 to December 1995, with the exception of October 1994 to April 1995.
Statistical analysis
Data were summarised as mean (SD) for continuous variables and number of subjects (percentage) for categorical variables. χ 2 and t tests were performed to determine significant differences. Cochran-Armitage trend tests were also performed if there were more than two categorical variables. The proportional hazards model was used to analyse the time to hospitalisation for recurrent MI and separately for all cause mortality, giving results in terms of risk ratios. Analyses were carried out univariately and multivariately. Multivariate analyses adjusted for age, sex, socioeconomic deprivation, lipid lowering drug treatment before MI, statin daily dose, serum total cholesterol concentration, presence of diabetes mellitus at baseline, other cardiovascular drug prescriptions, and other hospitalisations (excluding surgical events) during the follow up. All statistical analyses were carried out using SAS version 8.0 (SAS Institute, Cary, North Carolina, USA).
RESULTS
There were 5590 patients who experienced their first MI between January 1990 and November 1995. Of these patients, 717 (12.8%) experienced at least one further MI and 1299 (23.2%) died during the follow up period. Only 427 (7.7%) of all patients who had an MI received statins following discharge. The average follow up of the study was 2.4 years. There was a significant increase in statin use after the 4S results were published in 1994 (fig 1) . Among patients who were taking statin treatment, 63.7% had greater than 80% adherence. Table 1 shows the characteristics of the patients with recurrent MI and those free from MI recurrence. There were significant differences in age, social deprivation category, and adherence to statins between the two groups. Patients in the recurrent MI group were older, more deprived, and less likely to be taking statin treatment than those in the group free from MI recurrence. No significant differences in sex and serum cholesterol concentration at baseline were found between the two groups. A test for trend also showed that there was a significant difference in deprivation category and adherence to statin treatment between the two groups. Similar results were found between the dead and alive patient groups. Table 2 details the statin use and adherence to statin treatment by age, sex, deprivation category, and death status. Older patients were less likely to be prescribed statins than young patients. Women tended to have better adherence to statin treatment than men but there was no significant difference in statin prescribing between sexes. Overall patients living in more deprived areas had the highest prescribing of statins and there was a significant trend between statin use and deprivation category. However, there was no correlation between statin adherence and deprivation. Table 3 shows the results of both univariate and multivariate Cox regression analysis for recurrence of MI. Compared with those not taking statins, only greater than 80% adherence to statins was significantly associated with a lower risk of recurrent MI in the multivariate analysis. β Blocker use and diuretic use were also associated with lower risk of recurrent MI. Patients who were older, had lipid lowering drug treatment before MI, resided in deprived areas, or had diabetes mellitus at baseline had a higher risk of recurrent MI. Table 4 shows the crude and adjusted relative risks for all cause mortality in MI patients. The results are similar to the recurrent MI data, with only those subjects who had greater than 80% adherence to statin treatment having significantly lower risk of all cause mortality.
DISCUSSION
Scotland has one of the highest incidence rates of CHD in the world. Although coronary mortality has been declining in the past decade, an aging population means that the prevalence of CHD is increasing. In recent years the number of patients admitted to Scottish hospitals for treatment of CHD has increased.
14 This growing problem will be a major source of rising health care costs.
The benefits of statin treatment for the secondary prevention of MI have been well documented. The present study found that only 7.7% of patients after an MI were taking statin treatment but at the time these data were collected the evidence base was not strong. There was a major influence on prescribing of statin for secondary prevention after the 4S results were published. Between 1994 and 1995 statin use almost doubled.
We may have underestimated the intention to treat with statins in the present study, as adherence to treatment was based on the dispensing of prescriptions after discharge from hospital. Thus, we could not distinguish between people who were not adherent to prescriptions that were written but were not redeemed at pharmacies, people who had prescriptions that were written but not collected from the practice, and people who were never prescribed statins.
Poor adherence to statin treatment may explain a poor outcome of patients with CHD. The adherence goal of 80% of prescribed dose is used conventionally in clinical trials of safety and efficacy that have been used to support a new drug registration. Adherence to statin treatment prescribed outside of clinical trials is poor. 15 However, in our study, 69% patients aged over 65 years had greater than 80% adherence. This was a higher proportion than that found by Avorn and colleagues. 16 Another study of adherence found that only 37% of participants adhered to their lipid lowering regimens throughout a two year study period (defined as taking at least 90% of all doses). 17 In the present study, women were more likely to adhere to statin treatment than men but statins were less frequently prescribed to women than men. High prescribing rates were found in patients who were living in the more deprived areas. After publication of the 4S results, the increase in prescriptions in Tayside was confined mainly to socially deprived patients, as in other areas. 7 18 However, deprivation was not associated with adherence in our study while another study in the USA showed that lower socioeconomic status was linked to lower adherence. 16 This may be explained by different population characteristics, prescribing habits, or health care systems.
There are several means available for measuring adherence to drug treatment. The most commonly used method is a self reported questionnaire. Pill counts and self recorded diaries of medication taking are less frequently used. Electronic devices that record the opening of containers are also available but used infrequently. A surrogate for adherence measurement is the therapeutic response of lowered serum low density lipoprotein cholesterol concentration.
Over the past decade record linkage has become an efficient method for measuring adherence to drug treatment in large population studies. Unlike clinical trials, which focused mainly on men (81-100% men) and the young (mean age 55-59 years), 19 population based record linkage studies allow real world populations to be studied. In our study 40.4% of the patients were women.
We assumed that if a prescription was filled then patients would adhere to treatment but we had no way of knowing whether patients actually took the pills. However, this problem is not unique and in fact applies to the vast majority of studies including randomised controlled trials.
Our study showed that good adherence to statin treatment was significantly associated with lower risk of further MI. After adjusting for prior lipid lowering drug treatment (probably a marker of severe or familial hyperlipidaemia), statin daily dose, and other risk factors, only patients with > 80% adherence to statin treatment had significantly lower risks of further MI and of all cause mortality. Although smoking information (one of the main risks of CHD) was not available for the study, we used socioeconomic deprivation score as a surrogate for this as the Scottish health statistics data showed that there was a significant correlation between smoking and social class. 20 β Blocker use, diuretic use, and lack of socioeconomic deprivation were associated with lower risk of recurrent MI, as others have found. 21 22 Patients who were older, had lipid lowering drug treatment before their MI, and had diabetes mellitus at baseline were associated with higher risk of recurrent MI. These findings help validate our dataset, as we found what might be expected with these other risk factors.
Conclusions
Despite the infrequent use of statins during the study period, good adherence to statin treatment was associated with lower risk of recurrent MI.
